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[57] ABSTRACT

A mobile object positioning system includes a GPS signal
receiver for receiving positioning radio signals from a
plurality of satellites, calculating a present location of a
mobile object in accordance with the positioning radio
signal and outputting present location data at each of a
plurality of calculating times. An electronic controller is
provided for updating the present location data at each
calculating time, storing the present location data, estimating
an error of the present location data in accordance with the
positioning radio signals and outputting error data at each
estimating time. A vehicle velocity sensor is disposed on the
mobile object for detecting the velocity of the moving
mobile object and outputting a mobile velocity signal. The
electronic controller determines a stationary condition of the
mobile object in accordance with the mobile velocity signal
and prohibits updating the present location data when a
stationary condition of the mobile object is determined and
a value of the error data at a present estimating time is larger
than that at a last previous estimating time.

4 Claims, 6 Drawing Sheets
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1
MOBILE OBJECT POSITIONING SYSTEM

FIELD OF THE INVENTION

The present invention relates to a mobile object position-
ing system. More specifically, the system utilizes signals
from a Global Positioning System (GPS).

BACKGROUND OF THE INVENTION

Conventional mobile object positioning systems for posi-
tioning a vehicle, an airplane, a ship and the like use GPS
signals.

A first prior art mobile object positioning system updates
present location data and outputs the location data. The
mobile object positioning system comprises a GPS receiver 15
for receiving positioning radio signals from a plurality of
satellites, GPS positioning means for calculating present
location data of a mobile object from the radio signals and
outputting the present location data at each calculating time
and present location memory means for updating the present 29
location data at each calculating time and storing the data.

This first prior art mobile object positioning system
updates the present location data when the mobile object is
in a stationary condition. Therefore, the present location data
calculated by the GPS positioning means of the conventional 25
obile object positioning system is sometimes varied by
various error factors when the mobile object is in the
stationary condition.

A second prior art mobile object positioning system which
is able to prevent the present location data from being varied 30
is disclosed in Japanese Patent Laid-Open No. 5 (1993)-
26680. This second prior art mobile object positioning
system comprises GPS signal receiving means for receiving
positioning radio signals from a plurality of satellites, GPS
positioning means for calculating present location data of a 33
mobile object from the positioning radio signals and out-
putting the present location data at each calculating time,
present location memory means for updating the present
location data at each calculating time and storing the present
location data, mobile velocity detecting means disposed on 49
the mobile object for detecting a velocity of the mobile
object and outputting a mobile velocity signal and update
prohibition means for determining a stationary condition of
the mobile object in accordance with the mobile velocity
signal and for prohibiting updating of the present location %
data when the mobile object is in a stationary condition.

However, since the second prior art mobile object posi-
tioning system disclosed in the Japanese Publication always
prohibits updating the present location data when the mobile
object is in a stationary condition, the present location data
may become extremely incorrect when the present location
data calculated at a time when the mobile object is stopped
varies greatly from the real position. Therefore, the present:

location data is not precise when the mobile object is in a
stationary condition.

Further, a locus of the location of the mobile object
becomes unnatural when the mobile object starts moving.
Furthermore, it takes too much time for the conventional
mobile object positioning system to output the precise g,
present location data.

SUMMARY OF THE INVENTION
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It 1s an object of the present invention to provide a mobile
object positioning system which outputs the precise present 65
location data when the mobile object is in a stationary
condition.

2

It 18 another object of the present invention to provide a
mobile object positioning system which prevents the present
location data from being varied.

It 1s a further object of the present invention to provide a
mobile object positioning system which is simple in struc-
ture and small in size.

It 1s a further object of the present invention to provide a
mobile object positioning system which has durability.

It 1s a further object of the present invention to provide a
mobile object positioning system which is low in cost and
inexpensive to manufacture.

It 1s a further object of the present invention to provide a
mobile object positioning system which is simple to manu-
facture.

To achieve the above mentioned objects, the mobile
object positioning system in accordance with the present
invention comprises GPS signal receiving means for receiv-
ing positioning radio signals from a plurality of satellites,
GPS positioning means for calculating a present location of
a mobile object in accordance with the positioning radio
signals and outputting present location data at each calcu-
lating time, present location memory means for updating the
present location data at each calculating time and storing the
present location data, error data estimating means for esti-
mating an error in the present location data in accordance
with the positioning radio signals and outputting error data
at each estimating time, mobile velocity detecting means
disposed on the mobile object for detecting the velocity of
the mobile object and outputting a mobile velocity signal
and update prohibition means for determining a stationary

- condition of the mobile object in accordance with the mobile

velocity signal and for prohibiting updating the present
location data when the stationary condition of the mobile
object 1S determined and a value of the error data of the
present estimating time is larger than that of the last esti-
mating time.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the mobile object posi-
tioning system according to the present invention will be
more clearly appreciated from the following description in
conjunction with the accompanying drawings wherein:

FIG. 1 is a block diagram showing a first embodiment of
a mobile object positioning system of the present invention;

- FIG. 2 1s a flow chart of a mobile object positioning
system of FIG. 1;

FIG. 3 is a diagram explaining the operation of present
location data calculated by a first embodiment of a mobile
object positioning system when a mobile object is station-
ary;

FIG. 4 is a block diagram showing a second embodiment
of a mobile object positioning system of the present inven-
tion;

FIG. 5 is a flow chart of a mobile object positioning
system of FIG. 4;

FIG. 6 is a diagram explaining an estimated error of the
amount of moving of a mobile object under a self position-
ing system; |

FIG. 7 is a diagram explaining the operation of a GPS
system;

FIG. 8 is a diagram explaining the operation of a GPS
system combined with a self positioning system;

FIG. 91s a diagram explaining the operation of the present
location data calculated by a second embodiment of a
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mobile object positioning system when a mobile object is
stationary;

FIG. 10 is a diagram explaining the operation of the
present location data calculated by a second embodiment of
a mobile object positioning system when a mobile object is
stationary and the estimated errors vary;

FIG. 11 is a diagram explaining the operation of the
present location data calculated by a second embodiment of
a mobile object positioning system when a mobile object
starts moving.

'DETAILED DESCRIPTION OF THE
INVENTION -

A mobile object positioning system for installation on a
vehicle is shown in FIG. 1. With reference to FIG. 1, the
10bile object positioning system comprises a GPS antenna
10, a GPS receiver 11, a GPS demodulator 12, a vehicle
velocity sensor 13, an electronic controller 14 and a display
13.

Each of a plurality of satellites sends a radio signal of
1.57542 GHz. The radio signal includes precise time data,
formula data of satellite locus and data showing accuracy of
the time and the formula data of satellite locus. A location of
the satellite can be determined on earth in accordance with
the time data and the formula data of the satellite locus.
Further, a distance between the satellite and a receiving point
on earth can be determined in accordance with the time
difference between the satellite and the receiving point (a
delay time for transmitting the radio signal).

The GPS receiver 11 receives a radio signal from each of
the satellites through the GPS antenna 10 and outputs the
signals to the GPS demodulator 12. The GPS demodulator
12 demodulates the data for the precise time, the formula
data for the satellite locus and its accuracy. The GPS

demodulator 12 sends the data to the electronic controller
14.

The vehicle velocity sensor 13 generates pulse signals
according to a rotational speed of a rotating member of the
vehicle and sends the pulse signals to the electronic con-
troller 14. The vehicle velocity sensor 13 is formed with a
magnet (not shown) disposed on an output shaft of a
transmission or a shaft synchronously rotating with the
output shaft and a lead switch (not shown) disposed near the
magnet so as to open and close the lead switch according to
the rotation of a vehicle wheel. The display 15 displays the
present location of the vehicle or the like in accordance with
data from the electronic controller 14.

The electronic controlier 14 includes a microcomputer
(not shown) therein so as to calculate the present location of
the vehicle in accordance with the radio signals from the
satellites.

The operation of the microcomputer will be described
heremafter with reference to FIG. 2. At Step 20, GPS
positioning data PG is input to the microcomputer from the
GPS receiver 11 at each calculating time. At Step 22, vehicle
velocity data DV is input to the microcomputer from the
vehicle velocity sensor 13 at each calculating time.

At Step 24, the microcomputer determines whether the
GPS positioning data PG is input to the microcomputer or
not. When the GPS positioning data PG is not input to the
microcomputer, the program returns. When the GPS posi-
tioning data PG is input to the microcomputer, an estimate
GPS positioning error EG is calculated by equation (1) at
Step 26.
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EG=

(PDOP)X(UERE) (1)

PDOP correSpond to an error caused by an arrangement of
each of the satellites. UERE does not correspond to the error
caused by the arrangement of each of the satellites but

corresponds to another error caused by an internal condition
of each of the satellites (e.g. an error in the time of a clock
imstalled on the satellite or an error in an estimated satellite
locus).

At Step 28, the microcomputer determined whether the
vehicle is stationary or not in accordance with the vehicle
velocity data DV, That is to say, the microcomputer deter-
mines whether the vehicle velocity data DV is approxi-
mately O or not.

When the vehicle is stationary, the microcomputer deter-
mines whether the estimated GPS positioning error EG

(calculated by the equation (1) at the present time is less than
the estimated GPS positioning error EGO of the last time at
Step 30. When the present estimated GPS positioning exrror
EG 1s smaller than the last estimated GPS positioning error
EGO, the GPS positioning data PG is updated at STEP 32.
Further, the last estimated GPS positioning error EGO is
updated by the present GPS estimated positioning error EG
at Step 34. Finally, after the renewed present location of the
vehicle is displayed on the display 155 at Step 36, the
program returns to Step 20.

At Step 28, when the microcomputer determines that the
vehicle is not stationary, the GPS positioning data PG is
updated at Step 32. Further, the last estimated GPS posi-
tioning error EGO is updated by the present estimated GPS
positioning error EG at Step 34. Finally, after the renewed
present location of the vehicle is displayed on the display 15
at Step 36, the program returns to Step 20. |

When the microcomputer determines that the vehicle is
stationary at Step 28 and determines that the present esti-
mated GPS positioning error EG is larger than the last
estimated GPS positioning error EGO, the microcomputer
prohibits updating the GPS positioning data PG. At this
time, the microcomputer also prohibits updating the last
estimated GPS positioning error EGO. Finally, the last GPS
positioning data PG is displayed on the display 15 at Step 36.

An operation of the first embodiment of the mobile object
positioning system will be described hereinafter with refer-
ence to FIG. 3 showing the location of the vehicle which is
stationary. In FIG. 3, it is assumed that the estimated GPS
positioning error EG1 calculated the first time after the
vehicle stops is greater than those positioning errors EG3-5
calculated the third to fifth times, the estimated GPS posi-
tioning errors EG3-S of the third to fifth times after the
vehicle stops are greater than those positioning errors EG7,
8 calculated the seventh and eighth times, the estimated GPS
positioning errors EG7, 8 of the seventh and eighth times
after the vehicle stops are greater than that positioning error
EG2 calculated the second time after the vehicle stops, and
the estimated GPS positioning error EG2 of the second time
after the vehicle stops is greater than positioning error EG6
calculated the sixth time after the vehicle stops.

In accordance with FIG. 3, when the present estimated
GPS positioning error EG (EG2 and EG6) is less than the
last estimated GPS positioning error EGO, the GPS posi-
tioning data PG is updated. Therefore, although the GPS
positioning data PG calculated the first time after the vehicle
stops 1s considerably different from the real value PT of the
GPS positioning data PG, the GPS positioning data PG
slowly approaches the real value PT. |

On the contrary, when the present estimated GPS posi-
tioning error EG (EG1, EG3 to EGS, EG7 and EGS) is larger
than the last estimated GPS positioning error EGO, the GPS
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positioning data PG is prohibited from updating. Therefore,

needless variations of the GPS positioning data PG can be

prevented from being generated.

In accordance with the second prior art discussed above,
the GPS positioning data PG is always prohibited from
updating when the vehicle is stationary. Therefore, the GPS
positioning data PG become extremely incorrect when the
GPS positioning data PG calculated the first time is consid-
erably different from the real value PT.

In accordance with the first prior art discussed above, the
GPS positioning data PG is always updated when the vehicle
stays. Therefore, the GPS positioning data PG is sometimes
varied when the vehicle is stationary.

As shown in FIG. 3, reference PT represents the real
location of the vehicle in a stationary condition. References
P1, P2, P3'-P§', Pg, P7' and P8' represent the GPS position-
ing data for the vehicle which are input to the microcom-
puter from the GPS receiver 11. References P3-P5, P7 and
P8 represent the GPS positioning data which are not
renewed and displayed on the display 15 because the esti-
mated GPS positioning errors are greater than the position-
ing error calculated the last time.

When the GPS receiver calculates GPS positioning data
for the first time when the vehicle goes into the stationary
condition, the first GPS positioning data is indicated by
reference P1. The square mark in FIG. 3 represents the first
GPS positioning data according to the first embodiment of
the present invention. The inverted triangle represents the
first GPS positioning data of the first prior art example and
the upright triangle represents the first GPS positioning data
of the second prior art example.

The GPS recetver in the second prior art example does not
renew the positioning data while the vehicle remains in a
stationary condition and the GPS positioning data stays at
the same position as indicated by the upright triangle. In a
predetermined period of time, the GPS receiver in the first
embodiment and the first prior art calculates the second GPS
positioning data as indicated by reference P2. However, in
the first embodiment, the estimated positioning error is
smaller than that of the first time, the GPS positioning data
is renewed to the calculated positioning data as indicated by
the reference P2. C

For the third time of calculation, the third GPS positioning
data of the first prior art is indicated by the inverted triangle
at P3'. On the other hand, the third GPS positioning data P3
of the first embodiment remains at the same position as the
previous positioning data of P2, because the estimated GPS
positioning errors are greater than that of the second time.
Note that the error becomes smaller as the position gets
closer to the real position of PT.

Until the sixth time of the calculation, the first embodi-
ment does not renew the positioning data P3—P5 and remains
at the same position at P2. The GPS receiver of the first prior
art always rencws the positioning data as indicated by the
references P3', P4' and P5'.

With reference to FIG. 4, a second embodiment of the
mobile object positioning system is provide with a piezo-
electric vibration gyro 16 which i1s additional to the first
embodiment. The piezoelectric vibration gyro 16 is installed
on a vehicle and outputs an analogue signal in relation to the
yaw raie ® of the vehicle about a vertical axis to the
electronic controller 14’ (described in detail later). The
piezoelectric vibration gyro 16 is able to output a signal with
a voltage of O to 5 V. When the vehicle rotates in the right
direction, the piezoelectric vibration gyro 16 outputs a signal
with a voltage larger than 2.5 V. When the vehicle rotates in
the left direction, the piezoelectric vibration gyro 16 outputs
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a signal with a voltage less than 2.5 V. An altitude sensor
which outputs an analogue signal according to the altitude
may be installed in the second embodiment of the mobile
object positioning system.

The electronic controller 14' includes a microcomputer
(not shown). The electronic controller 14' combines the GPS
positioning data PG in accordance with radio signals from
the satellites and the self positioning data PD in accordance
with signals from the vehicle velocity sensor 13 and the
piezoelectric vibration gyro 16 in order to locate the position
of the vehicle on which the mobile object positioning system
1§ installed.

With reference to FIG. 5, the operation of the microcom-
puter will be described hereinafter. At Step 40, the micro-
computer determines whether more than three satellites can
be used or not. The microcomputer determines whether the
radio signals of more than three satellites are demodulated or
not. When more than three satellites can be used, the
estimated GPS positioning error EG is calculated in accor-
dance with the equation (1) at Step 42.

At Step 44, the microcomputer determines whether the
self positioning system can be operated or not. The micro-
computer has standard location data (the last positioning
data) and last direction data. When the self positioning
system can be operated, an estimated self positioning error

ED 1s calculated in accordance with equations (2), (3) at
Step 46.

ED=EDO+e (2)

EDO corresponds to an estimated self positioning error of
the standard location (the last location). “e” corresponds to
an estimated error in the amount of moving of the vehicle
calculated by the self positioning system. Further, an initial
estimated self positioning error EDO corresponds to the
mnitial estimated GPS positioning error EG.

e=STEP-sin ¢error+STEPerror (3)

STEP-sin ¢error corresponds to a length of a segment
A—A' shown in FIG. 6 which is designed to be transformed
into the distance from the estimated direction error ¢ error
(=the present calculated direction ¢—the real direction ¢t).
STEPerror corresponds to the estimated distance summation
error (the present calculated distance summation STEP—the
real distance summation STEPT) corresponding to a length
of a segment A-B shown in FIG. 6. STEP is calculated in
accordance with the vehicle velocity data from the vehicle
velocity sensor 13 and the amount of the circumference of
the vehicle wheel.

At Step 48, the present location P of the vehicle is
calculated in accordance with the GPS positioning data PG
and the self positioning data PD. |

The GPS positioning data PG is calculated by the follow-
ing four equations.

Ax—L. @)
When four satellites can be used, “A” corresponds to a
matrix of 4x4 as shown in equation (5), “x” corresponds to
a matrix of 1x4 shown as [AxAy Az cAt}’ and “L” corre-
sponds to a matrix of 1x4 shown as [A11 A12 A13 0}7.
When three satellites can be used, “A” corresponds to a
matrix of 4x4 as shown in equation (6), “x” corresponds to
a matrix of 1x4 shown as [AxAyAzAcAt]” and “L” corre-
sponds to a matrix of 1x4 shown as [A1l A12 A13 0]".
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[2m2n2l
3m3n3l
{4 md nd 1

I1 mlnl 1 (6)

2m2n2l
I3m3n3l
0010

“11, mi, nt”’ are elements of vectors as shown in FIG. 7. In
FIG. 7, el--(ll ml nl) (i=1 to 4, *i” corresponds to the
number of satellites.) corresponds to the vector which is
directed to the last location PO (0,0,0) from the satellite i.
The vector el 1s extracted from the radio signal.

The vector X (AxAyAz) which is unknown is directed to
the present location PG from the last location PO. At
corresponds to a difference between times at which the radio
signal reaches to the last location PO and at which the radio
signal reaches to the present location PG from the satellite.
“c” corresponds to the velocity of light.

Ali (1=1 to 4, “1” corresponds to the number of satellites.)
1s shown as an equation (7). Ali corresponds to a difference
between an approximate distance li from each of the satel-
lites to the present location PG and an approximate distance
101 from each of the satellites to the lost location PO. The
approximate distances are also extracted from the radio

signal.

Ali=li~10i (7)
The GPS positioning data PG (AxAyAz) is calculated

from the radio signals of more than three satellites in

accordance with the equation (4) as described above.

On the other hand, the self positioning data PD is calcu-
lated in accordance with an equation (8) shown as follows.
The self positioning data PD is formed to add the amount of
moving distance AP of the vehicle (which is calculated by
the signals of the vehicle velocity sensor 13 and the piezo-
electric vibration gyro 16) to the last (standard) location PO.

PD=PO+AP (8)

Each of elements zx, sy of AP (5x 5y 0) is shown as each
of equations (9).

Ox=STEP-cos 0

Sy=STEP-sin 0 (9)

As described above, STEP corresponds to the present
calculated distance summation. 8 corresponds to a rotational
angle of the vehicle calculated from the yaw rate detected by
the piezoelectric vibration gyro 16 (corresponding to a value
which is formed to subtract the last direction from the
present direction of the vehicle).

The self positioning data PD (5x 5y 0) is calculated from
the signals of the vehicle velocity sensor 13 and the piezo-
electric vibration gyro 16 in accordance with the equations
(8), (9) as described above.

A combination positioning data P is calculated by the GPS
positioning data PG, the self positioning data PD, the
estimated GPS positioning error ED in accordance with an
equation (10) as follows. The combination positioning data
P corresponds to a point which divides a segment PD-PG
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into ED* :EG” as shown in FIG. 8. The combination
positioning data P 1s formed with the GPS positioning data
PG and the self positioning data PD each of which is
weighted 1n relation to each of the estimated positioning
errors EG, ED 1n order to precisely position the vehicle
location.

P=(ED*PG+EG*-PDYED*+EG?)

(10)

After the combination positioning data P is calculated at
Step 48, an estimated combination positioning error E is
calculated by the estimated GPS positioning error EG and
the estimated self positioning error ED in accordance with
an equation (11) shown as follows at Step 50.

E=2EG*-ED*/(ED*+EG?) (11)

The equation (11) satisfies a relation of E=ED=EG.

At Step 52, the microcomputer determines whether the
vehicle 1s stationary or not. When the vehicle is stationary,
the microcomputer determines whether the estimated com-
bination positioning error E of the present time is less than
the estimated combination positioning error EO of the last
time at Step 54. When the present estimated combination
positioning error E is less than the last estimated combina-
tion positioning error EQ, the self positioning data PO is
updated by the present combination positioning data P at
Step 56. Further, the last estimated combination positioning
error EO is updated to the present estimated combination
positioning error E at Step 58. Finally, after the present
combination positioning data P is displayed on the display
15 at Step 60, the program returns to Step 40.

At Step 52, when the microcomputer determines that the
vehicle 1s not stationary, the self positioning data PO (the
standard location) is updated by the present combination
positioning data P at Step 56. Further, the last estimated
combination positioning error EO is updated by the present
estimated combination positioning error E at Step S58.
Finally, after the present combination positioning data P is
displayed on the display 15 at Step 60, the program returns
to Step 40.

When the microcomputer determines that the vehicle is
stationary at Step 54 and determines that the present esti-
mated combination positioning error E is larger than the last
estimated combination positioning error EQ, the microcom-
puter prohibits updating the self positioning data PO. At this
time, the microcomputer also prohibits updating the last
estimated combination positioning error EQ. Finally, after
the present combination positioning data P is displayed on
the display 13 at Step 60, the program returns to Step 40.

On the other hand, when the microcomputer determines
that the self positioning system cannot be operated at Step
44, the GPS positioning data PG is calculated in accordance
with the equation (4) at Step 62 (in the same way at Step 48).
The self positioning data PO is updated by the present
combination positioning data P at Step 56 later. Further, the
last estimated combination positioning error EO is updated
by the present estimated combination positioning error E at
Step 58. Finally, after the present combination positioning
data P 1s displayed on the display 15 at Step 60, the program
returns to Step 40.

When the microcomputer determines that less than three
satellites can be used at Step 40, the microcomputer deter-
mines whether the self positioning system can be operated or
not at Step 64. When the microcomputer determines that the
self positioning system can be operated, the estimated self




3,598,166

9

positioming error ED is calculated in accordance tithe equa-
tions (2), (3) at Step 66 (in the same way as at Step 46). The
self positioning data PO is updated by the present combi-
nation positioning data P at Step 56 later. Further, the last
estimated combination positioning error EO is updated by
the present estimated combination positioning error E at

Step 38. Finally, after the present combination positioning

data P is displayed on the display 15 at Step 60, the program
returns to Step 40.

When the microcomputer determines that the self posi-
tioning system also cannot be operated at Step 64, the last
positioning data is output as the present location data
without updating the location data at Step 60.

An operation of the second embodiment of the mobile
object positioning system will be described hereinafter with
reference to FIGS. 9 to 11. FIG. 9 shows the positioning data
when the standard location is not updated. As shown in FIG.
9, the variation of the combination positioning data P of the
second embodiment of the present invention can be reduced
in comparison with that of the first prior art example in
which the combination positioning data is always updated.

In FIG. 9, PO(PD1) represents the displayed position
when the vehicle is in a stationary condition. In FIG. 9,
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references PG1-PG4 with the squares represent the GPS

positioning data calculated each time and references P1-P4
which the circles represent the display positions calculated
by the combination of the position PO and the positioning
data of PG1-PG4. In FIG. 9, the chart is shown when the
estimated positioning errors are greater so the positioning
data 1s not renewed in the second embodiment.

References P1, P2'-P4’ with the inverted triangles repre-
sent the GPS positioning data of the first prior art example
which always renews the positioning data.

For the first time calculation of the GSP positioning data
PG1, both the second embodiment and the first prior art rene
the positioning data to P1 which is a combination of the
positioning data PO and the GPS positioning data PG1. For
the second time of calculation, in the first prior art, the
second positioning data P2' is calculated based on the
combination of the first positioning data P1 and the GPS
positioning data PG2. However, in the second embodiment,
the second positioning data P2 is calculated based on the
combination of the positioning data PO and the GPS posi-
tioning data PG2 because the positioning data was not
renewed 1n the first time of calculation Positioning data P3,
P3', P4 and P4’ is calculated in the same manner.

In FIG. 10, it is assumed that the estimated combination
positioning error E1 calculated at the first time after the
vehicle stops and the estimated combination positioning
errors E3-5 calculated at the third to fifth times after the
vehicle stops are greater than the estimated combination
positioning error E2 calculated at the second time after the
vehicle stops.

In accordance with FIG. 10, when the present estimated
combination positioning error E (E2) is less than the last
‘estimated combination positioning error EO, the last self
positioming data PO (the standard location) is updated by the
present combination positioning data P2. Therefore,
although the combination positioning data at the first time
atter the vehicle stops is for from the real value PT, the
combination positioning data slowly approaches the real
value PT.

On the contrary, when the present estimated combination
positioning error E (E1, E3 to ES) is larger than the last
estimated combination positioning error EQ, the combina-
tion positioning data PO is prohibited from updating. There-
fore, needless variations of the combination positioning data
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can be prevented from being generated. Consequently, the
combination positioning data P3 to PS5 calculated at the third
to fifth times after the vehicle stops approach the present
combination positioning data P2 having the smallest esti-
mated combination positioning error.

In accordance with second prior art example, the combi-
nation positioning data is always prohibited from updating
when the vehicle is stationary. Therefore, the combination
positioning data becomes extremely incorrect when the
combination positioning data calculated at the first time is
far from the real value PT.

In accordance with the first prior art example, the com-
bination positioning data PO is always updated when the
vehicle 1s stationary. Therefore, the combination positioning
data is sometimes varied when the vehicle stops. Conse-
quently, the combination positioning data P3 to PS5 calcu-
lated at the third to fifth times after the vehicle stops have
difficulty approaching the present combination positioning
data P2 having the smallest estimated combination position-
INg error.

In F1G. 10, the estimated errors vary in the calculations.
Reference PO or PD1 represents the position when the
vehicle is in a stationary condition. Reference PT represents
the real position of the vehicle in a stationary condition.
References PG1-PG4 with the squares represent the GPS
positioning data, references P1, P2, P3, P4' and PS5’ with the
inverted triangles represent the positions calculated in the
first prior art example and reference PO with the upward
triangle represents the second prior art example. In the
second prior art example, since the positioning data is not
renewed when the vehicle is in a stationary condition, the
position stays at the same position as indicated by the
upward triangle at PO. Now, for the first time calculation in

‘both the second embodiment and the first prior art example,

the position P1 is calculated based on the combination of the
position data PO and the GPS positioning data PG1 as
shown in FIG. 10 by the circle and the inverted triangle. For
the second time calculation, in the second embodiment, the
position P2 is calculated based on the combination of the
position data P1 and the GPS positioning data PG2. The
estimated error of the GPS positioning data is smaller than

- that of the previous time so the position data is renewed to

the positioning P2. For the second time calculation of the
first prior art example, the position P2 is also calculated
based on the combination of the position data P1 and the
GPS positioning data PG2. The calculations in the second
embodiment are conducted as follows:

position combination of renewed

P1 PO & PGI yes

P2 Pl & PG2 yes

P3 P2 & PG3 no (because error E3 is
greater than error E2)

P4 P2 & PG4 no (because error E4 is
greater than error E2)

P5 P2 & PG5 —

In the first prior art, calculations are as follows:

position combination of renewed
Pl PO & PGl yes
P2 Pl & PG2 yes
P3 P2 & PG3 yes
P4’ P3 & PG4 yes
PS5’ P4’ & PG5 —
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In FIG. 11, the chart shows the positioning data conditions
when the vehicle starts moving. Reference PT represents the
real position of the vehicle. Reference PO represents the
position calculated by the second embodiment of the inven-
tion just before the vehicle starts moving. Reference PO’
represents the position calculated by the first prior art
example just before the vehicle starts moving.

In the second embodiment the gyro detects the position
PD1 and the GPS receiver detects the GPS positioning data
PG1. The position P1 is calculated based on the combination
of the gyro position PD1 and the GPS position PG1. At the
second time the position P2 is calculated based on the gyro
position PD2 and the GPS position PG2 and so forth.

In the first prior art example, the gyro detects the position
PD1' when the vehicie moves from the position P0' and the
GPS receiver detects the GPS positioning data PG1. The
position P1' is calculated based on the gyro position PD1’
and the GPS position PG1. At the second time, the position
P2' is calculated based on the gyro position PD2' and the
GPS position PG2 and so forth. Thus, the path of the
calculated positions of the vehicle in the second embodiment
shows a smoother and more natural trace than that of the
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calculated positions of the vehicle in the first prior art

example.

While the invention has been particularly shown and
described with reference to preferred embodiments thereof,
it will be understood by those in the art that the foregoing
and other changes 1n form and details may be made therein
without departing from the spirit and scope of the invention.

What 1s claimed is:

1. A mobile object positioning system comprising:

GPS signal receiving means for receiving positioning
radio signals {from a plurality of satellites;

electronic control means connected to said receiving
means for calculating a present location of a mobile
object in accordance with the positioning radio signals
and outputting present location data at a plurality of
calculating times; and

mobile velocity detecting means disposed on the mobile
object for detecting velocity of a moving mobile object
and outputting a mobile velocity signal to said elec-
tronic control means:

wherein said electronic control means includes:

present location memory means for updating the
present location data at each calculating time and
storing the present location data;

error data estimating means for estimating an error of
the present location data in accordance with the
positioning radio signals and outputting error data at
cach estimating time; and

update prohibition means for determining a stationary
condition of the mobile object in accordance with the
mobile velocity signal and for prohibiting updating
the present location data when the stationary condi-
tion of the mobile object is determined and a value
of the error data of a present estimating time is larger
than that of a last previous estimating time.
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2. A mobile object positioning system as recited in claim
1, wherein the update prohibition means prohibits updating
the value of the error data of a present estimating time when
the stationary condition of the mobile object is determined
and the value of the error data of the present estimating time
is larger than that of the last previous estimating time.
3. A mobile objecting positioning system comprising:
GPS signal receiving means for receiving positioning
radio signals form a plurality of satellites;

clectronic control means connected to said receiving
eans for calculating a present location of a mobile
object 1n accordance with the positioning radio signat
sand outputting present location data at each of a
plurality of calculating times;

mobile velocity detecting means disposed on the mobile
object for detecting velocity of a moving mobile object
and outputting a mobile velocity signal to said elec-
tronic control means; and |

mobile direction detecting means disposed on the mobile
object for detecting a direction of the mobile object and
outputting a mobile direction signal to said electronic
control means;

wherein said electronic control includes:

self positioning means for calculating movement of the
mobile object in accordance with the mobile velocity
signal and the mobile direction signal, combining the
movement of the mobile object with a standard
location of the mobile object at which the mobile
object was located at a last previous calculating time
s0 as to calculate second present location data and
outputting the second present location data at each
calculating time; |

combination positioning means for combining the first
present location data and the second present location
data in order to calculate a present location of the
mobile object and outputting the present location
data at each calculating time;

error data estimating means for estimating an error of
the present location data in accordance with a first
error of the first present location data and a second
error of the second present location data and output-
ting error data at each estimating time; and

update prohibition means for determining a stationary
condition of the mobile object in accordance wit the
mobile velocity signal and for prohibiting updating the
present location data when the stationary condition of
the mobile object 1s determined and a value of the error
data of a present estimating time is larger than that at
a last previous estimating time.

4. A mobile object positioning system as recited in claim
3, wherein the update prohibition means prohibits updating
the value of the error data of the present estimating time
when the stationary condition of the mobile object is deter-
mined and the value of the error data of the present esti-
mating time 1s larger than that at the last previous estimating
time.
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